Long-Term Trends in Space-Ground Atmospheric Propagation Measurements by Morse, Jacquelynne R. et al.
Long-Term Trends in Space-Ground Atmospheric Propagation 
Measurements
Michael J. Zemba
James A. Nessel
Jacquelynne R. Morse
NASA Glenn Research Center
Cleveland, OH
July 22nd, 2015
Keeping the universe connected. 
National Aeronautics and Space 
Administration
www.nasa.gov
https://ntrs.nasa.gov/search.jsp?R=20150022177 2019-08-31T05:29:37+00:00Z
Presentation Overview
1. Technical Motivation
2. Experiment Description
3. Receiver Design
4. Data Processing
5. Results
6. Conclusions
2
3Technical Motivation
Long-term trends of propagation data may be impacted by global changes in rain patterns. Rain fade 
is the most dominant factor in determining site attenuation statistics, and it has been observed that 
rain events over the past 50 years have trended toward increased frequency, intensity, and rain 
height.
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Experiment Description
4
A satellite based beacon transmits a signal, and the
power is measured on the ground. This power
measurement will fluctuate with atmospheric
conditions, yielding a characterization of the total
atmospheric attenuation.
There were two collocated measurement campaigns
conducted in White Sands facility in New Mexico, the
first from 1994 -1999 and the second 2009 -2014.
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White Sand, NM
Site
Installation Date February 2009
Latitude 45.4787° N
Longitude 9.2327° E
Altitude 1469 m
Satellite
Name Anik F2
Elevation 51.8°
Azimuth 188.3°
Beacon Freq. 20.199GHz
White Sands
Rainfall: < 20 mm per month
Avg. Humidity: 27%
Receiver Design
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System Specifications
Downconversion 2-step down to 455 kHz
Sampling Rate 3.64 MHz
Integration Time 144 ms
Time Series Output Rate 1 Hz
Phase Noise Floor < 1.8° RMS or 0.34 ps
455 kHz
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Data Processing Procedure
Both data sets (1994-1998 and 2009-2015 ) were normalized by taking a 5 minute moving average and 
subtracting the peak value of the moving average from the non-averaged data before processing.
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Minimal impact on average statistics, although the mean attenuation shows a small 
increase, the standard deviation is more variable, which is also evident by increase in 
high attenuation months
Results
10
0 5 10 15 20
0.01
0.1
1
10
100
1994
1995
1996
1997
1998
2009
2010
2011
2012
2013
2014
ACTS Total (1994 - 1998)
RF Prop. Total (2009 - 2014)
White Sands 20 GHz Attenuation CDF
20 GHz Attenuation [dB]
P
er
ce
n
t 
o
f 
T
im
e 
V
al
u
e 
is
 E
x
ce
ed
ed
Small inter-annual 
variability across 
the data sets
Conclusions
The Statistics Indicate:
◦ Slight Increasing Trend in Attenuation
◦ Variability in Standard Deviation
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Impact is negligible unless designing above 99.9% 
availability, however this phenomena needs to be 
explored in a variety of rain zones and over longer time 
scales for a complete analysis.
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